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We introduce a classification number n which describes the baryon mass information in a fuzzy
manner. According to n and Jp of baryons, we put all known light baryons in a simple table in which
some baryons with same (n, Jp) are classified as members of known octets or decuplets. Meanwhile,
we predict two new possible octets.
PACS numbers: 14.20.-c, 11.30.Na, 14.20.Gk, 14.20.Jn
The idea of the quark structure of hadrons appeared
first in the papers of Gell-Mann [1] and Zweig [2]. It was
shown that the SU(3) octet symmetry can be realized on
the basis of a fundamental triplet of some hypothesized
particles, called quarks by Gell-Mann. At the beginning,
quarks were take as a mathematical expression of the
SU(3) properties of hadrons, but soon it was recognized
that hadrons are bound systems of quarks: Baryon=qqq
and Meson=qq¯. The light baryons are made up of u, d,
s quarks, which implies an approximate SU(3)flavor sym-
metry. Up to now, a number of approaches have been
developed for describing the baryon mass spectrum, such
as the SU(6) model [3, 4], the bag model [5], the Skyrme
model [6, 7], the non-relativistic quark model [8, 9] and
so on. These models incorporate partly the dynamics
of quantum chromodynamics (QCD) and achieve quanti-
tative description. However, many predicted baryons of
these models have been experimentally observed while
some baryons have not been found. In addition, the
predicted baryon masses of different models are not the
same, i.e., the predictions are model-dependent. Al-
though QCD has been widely accepted as a basic the-
ory of strong interaction, it is still a big challenge to
compute the baryon mass spectrum from first principle
due to the complicated non-perturbative and non-linear
properties. Therefore a comprehensive classification of
all known baryons would be very helpful for a funda-
mental understanding of strong interaction and baryon
structure.
In this Letter, we try to propose a simple method which
directly classifies the observed baryons to their possible
multiplets according to a fuzzy concept of mass range,
rather than the precise mass values. First, we introduce
a classification number n which describes baryon mass
range information. Secondly, according to n and Jp, we
put all light baryons into a table. We find that many
baryons with same n and Jp can make up of a multiplet
which is an octet or a decuplet listed in the booklet of
Particle Data Group (PDG) [10] based on the quark-
model or in Ref. [11] based on SU(3) symmetry. We also
predict two new possible octets. The classification of
known multiplets and the new predictions may suggest
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the feasibility of the classification method although it is
phenomenological and rough.
We now introduce the classification number n, which
is an integer determined by two parameters. One is the
center mass denoted as MBnc for a kind of baryons with
same isospin and hypercharge, the other is the mass band
width denoted as MBnw corresponding to the center mass
MBnc . We define M
Bn+1
c − MBnc = M
Bn
w . If a baryon
mass MB satisfies
MBnc −M
Bn−1
w /2 ≤MB < M
Bn
c +M
Bn
w /2, (1)
the baryon belongs to a group of baryons with classifica-
tion number n.
To obtain reasonable MBnc and M
Bn
w , we briefly re-
view the relevant properties of the nonrelativistic poten-
tial model [12, 13]. The ground-state baryon mass is
M =
3∑
1
mi +
2αs
3
8pi
3
〈
δ3(rij)
〉 3∑
i<j=1
Si · Sj
mimj
, (2)
where mi and Si are the constituent quark effective mass
and spin of the ith quark, rij = ri − rj , and αs is the
quark-gluon coupling constant. We suppose that the first
center mass can be written asMB1c =
∑3
1
mi+m
B
0 , where
mi is the ith constituent quark effective mass and m
B
0 is
a constant in analogy with the second term of Eq.(2).
Using mu,d ∼ 280 MeV and ms ∼ 440 MeV, and also
taking mB0 ∼ 160, 150, 110, 50 MeV for hadrons N/∆,
Λ/Σ, Ξ, Ω, we assume MB1c s of N/∆, Λ/Σ, Ξ, Ω be-
ing 1000, 1150, 1270 and 1370 MeV respectively. The
decrease of mB0 with the increase of the strange quark
number of a baryon is inspired by the mimj terms in
the denominators of Eq.(2). However, we should take
the above values as from assumptions rather than from
derivations. We need also to mention that ∆1 and Ω1
are assumed to be imaginary particles with spin S = 1/2
for the sake of being comparable with N1, Λ1, Σ1, and
Ξ1.
The idea of the mass band width MBnw comes from
the zeroth order energies E = (N + 3/2)ω = (2n + l +
3/2)ω [9, 13], where n is the number of radial nodes, l
is the orbital angular momentum, and the non-strange
harmonic oscillator level spacing ω ≃ 520 MeV. The
mass band width MBnw is somewhat similar to ω. There-
fore, we suppose that MBnw and ω are of the same order.
2More explicitly, we suppose that MB1w is 400 MeV and
M
B
n
′
w (n′ > 1) is 300 MeV.
Using the relation of baryon masses and the classifi-
cation number n, i.e., Eq. (1), we put baryons N, Λ, Σ,
Ξ, ∆ and Ω in Tables I, II and III respectively. The un-
derlined baryons mean that their spins and parities are
not confirmed yet. We try to put them in these tables
according to their masses. It is noted that an underlined
baryon might be putted in another place in these tables
as long as its mass satisfies Eq. (1).
Then according to n and Jp, we put all light baryons
listed in PDG [10] in Table IV. In this table, there are 38
groups with same n and Jp, noting that baryons Σ, Ξ in
one group may belong to an octet or a decuplet. We find
that many observed baryons with same n and Jp are
directly classified to their possible multiplets, thirteen
of which are the same with the multiplets in PDG [10]
and seven of which are the same with the multiplets in
Ref. [11]. There are also some baryons which can not be
classified to a multiplet clearly.
From Table IV, we predict two new possible octets
marked with ⊙. One is (N1900, Λ2000, Σ, Ξ) of Jp =
3/2+, the other is (N2000, Λ2110,Σ, Ξ) of Jp = 5/2+.
The Σ and Ξ mass ranges of these two octets are 2000-
2300 MeV and 2100-2400MeV respectively. We calculate
the baryon decay widths to check our prediction.
For the decay process of a baryon B∗ to a baryon B
and a pseudoscalar meson M
B∗ → B +M, (3)
the calculation of decay widths can be performed in the
framework of Rarita-Schwinger formalism.
The parity-conserving Lagrangian and decay widths of
the process B∗
3/2+ → B1/2+ +M are [14]
L =
gB∗BM
mpi
Ψ¯Φµ1∂µ1φ, (4)
Γ =
g2B∗BMP
3
cm[(m
∗
B +mB)
2 −m2]
24pi(m1mpi)2
. (5)
Those of the process B∗
5/2+ → B1/2+ +M are
L = i
gB∗BM
m2pi
Ψ¯γ5Φµ1µ2∂µ1∂µ2φ, (6)
Γ =
g2B∗BMP
5
cm[(m
∗
B −mB)
2 −m2]
30pi(m1m2pi)
2
, (7)
where
Pcm =
{[m∗2B − (mB +m)
2][m∗2B − (mB −m)
2]}1/2
2m∗B
, (8)
with Pcm being the c.m. momentum of final particles,
gB∗BM being the universal coupling constant [15], m
∗
B
and mB being the baryons masses, and m being the me-
son mass. The results are listed in Table V, from which
we notice that most predicted decay widths are consistent
with the experimental data.
However, in Table IV, there is a puzzle, i.e., several
baryons of a same kind may have the same n and Jp.
There are 5 such cases, which are groups 3 and 4, groups
6, 7 and 8, groups 12 and 13, groups 20 and 21, and
groups 25, 26 and 27. There are several possible solu-
tions. Maybe when more baryons are observed, baryons
with the same n and Jp may belong to different mul-
tiplets. It was suggested in Ref. [16] that Σ(1480) and
Ξ(1620) might be members of a new light octet, whose
N member is predicted to have the mass around 1100
MeV and the vanishingly small total width. Maybe some
baryons have the same n and Jp can mix with each other,
for example, the two Λ’s of the groups 20 and 21 may
mix, and so do the Λ’s of the groups 25 and 26. Maybe
some baryons belong to a multiplet with exotic baryons.
For example, Σ(1770) makes it a potential candidate for
the Σ10 member of the antidecuplet [11]. Four groups
of baryons Σ(1560), Σ(1690), Σ(1580), ∆(2000) have no
solution and need more study.
Although the introduced center mass MBnc and mass
band width MBnw are arbitrary in some sense, our simple
method can directly classify the observed baryons to their
possible multiplets known in the literatures. The classifi-
cation of known multiplets and predictions of new possi-
ble multiplets may suggest the feasibility of the introduc-
tion of the classification number n which is based on the
fuzzy concept of mass range instead of exact mass val-
ues. The simple classification of all known light baryons
in Table IV might be inspiring for both experimental and
theoretical studies: experimentalists may search for pos-
sible missing baryons by looking at vacancies in the table
and theorists may seek for better classification schemes of
baryons and reveal more fundamental relations between
different baryons. Of course, our simple method should
be only considered as a roughly phenomenological at-
tempt to classify all light baryons. A more comprehen-
sive and elegant classification should be searched for from
more fundamental and profound considerations.
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